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SPECIFICATION 

1. Title of the Invention 

Etching Solution for Lead-based Passivation Glass 

2. Claims 

An etching solution for lead-based passivation glass, characterized by being a 
system comprising HF-HCl-acetic acid-water, containing no more than 5 wt% HF, at 
least 1 wt% HC1, and at least 2 wt% acetic acid. 

3. Detailed Description of the Invention 
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Technological Field to Which the Invention Belongs 

The present invention relates to an etching solution for lead-based passivation 

glass. 

Prior Art and Related Problems 

Passivation using glass has been widely employed in the past as a means for 
covering the pn junction plane in semiconductors. This passivation is effective at 
increasing reliability and improving performance in semiconductor devices, such as 
raising their voltage resistance. 

Glass materials used for the passivation of semiconductors come in two types: 
so-called zinc-based glass whose main component is ZnO-EbOs-SiC^, and so-called zinc- 
based glass whose main component is PbO-SiC>2. Of these, lead-based glass has the 
advantage of being very resistant to chemicals, and is practically impermeable by 
anything but a hydrofluoric acid -based etching solution. This same property, however, 
becomes a drawback in such situations as the removal of glass adhering where it is not 
wanted, or the patterning of glass. The reason for this is that nearly all devices such as 
thyristors and transistors also feature insulating films of silicon oxide, and this SiC>2 layer 
also ends up being etched in the etching of the glass. If there were some means for 
selectively etching just lead glass, it would offer numerous advantages, such as a shorter 
manufacturing time and broader application. 
Object of the Invention 

It is an object of the present invention to provide an etching solution composition 
which favorably etches lead-based passivation glass, but etches silicon oxide almost not 
at all. 
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Summary of the Invention 

The etching solution pertaining to the present invention is a system comprising 
HF-HCl-acetic acid-water, containing no more than 5 wt% HF, at least 2 wt% HC1, and at 
least 2 wt% acetic acid. 

The most important point in determining the ideal etching solution composition is 
the ratio of the glass etching rate to the silicon oxide etching rate. The Si0 2 films used in 
actual devices are only 12 microns thick at most. The glass used in passivation films, 
however, is usually at least 10 fim thick. Even if the glass is etched, the objective will 
not be met if less than half of the Si0 2 film remains behind, so the glass etching rate must 
be at least ten times higher. In addition, no residue or the like must remain on the etched 
surface, and the absolute value of the etching rate must be as large as possible. The 
compositional ranges given above were decided upon as a result of investigating the 
optimal solution composition with these requirements in mind. 
Examples of the Invention 

The present invention will now be described in detail by giving examples. 

A composition comprising 47 wt% Si0 2 , 2.5 wt% A1 2 0 3 , 8.5 wt% B 2 0 3 , and 
42 wt% PbO was chosen as an example of the lead -based glass composition. The surface 
of this glass was polished, after which part of the surface was covered and protected with 
wax or the like, and then etched. The step formed between the protected surface and the 
etched surface was detected by interference microscope or the like, and the etching rate 
was calculated. Examples of the Si0 2 film include a chemical vapor deposition film 
containing 1 x 10 21 /cm 3 phosphorus (PSG film), a chemical vapor deposition film 
containing no phosphorus (Si0 2 ) film, and quartz glass. The etching rate was determined 



3 



in the same way as for the glass. Reagent-grade hydrofluoric acid (49% HF), 
hydrochloric acid (35% HQ), and glacial acetic acid were used as the starting raw 
materials for the etching solution, and if needed, a suitable amount of pure water was 
added in the preparation of the etching solution. The solution temperature is usually 
room temperature. 

Fig. 1 is a graph of the relationship between HF concentration and glass etching 
rate at different hydrochloric acid concentrations (1 wt% (A), 10 wt% (B), and 30 wt% 
(C)). When the hydrochloric acid concentration was less than 1 wt%, residue remained 
on the glass surface and the etching rate could not be accurately determined. This means 
that this composition was unsuitable as an etching solution. As shown in Fig. 1, the 
etching rate rose linearly along with HF concentration. The etching rate also rose slightly 
along with HC1 concentration. It can be seen, though, that replacing all of the acetic acid 
with hydrochloric acid is undesirable because insoluble residue is produced. The acetic 
acid concentration is preferably at least 2 wt%. 

Meanwhile, the rate at which Si0 2 is etched will vary with the film quality and 
other factors, but the etching rate varies in the order of PSG > Si0 2 film > quartz glass. 
In most cases, the etching rate of quartz glass is one order of magnitude lower than that of 
a PSG film, so the objective will not be achieved merely by focusing on the etching rate 
ratio between PSG and lead glass. This etching rate ratio was found to vary greatly with 
the concentration of HF. Fig. 2 is a graph of this etching rate ratio versus HF 
concentration. It can be seen that when the concentration of HF is over 5%, the etching 
rate ratio drops below 10 and the objective is not achieved. There is little change in this 
ratio when the HC1 concentration is varied (1 wt% (A), 10 wt% (B), and 30 wt% (C)). 
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The above results indicate that the concentration of HF must be lowered in order to 
increase the etching differential between lead glass and PSG. Nevertheless, as seen in . 
Fig. 1, this results in a decrease in the lead glass etching rate itself. If the solution 
temperature is raised, though, it is possible to raise the etching rate by at least one order 
of magnitude. Fig. 3 is a graph of the etching rate for lead glass (G) and PSG (P) versus 
solution temperature for a solution composition comprising 1 wt% HF, 5 wt% HQ, 
15 wt% H2O, and the balance acetic acid. The etching rate itself can be raised by at least 
one order of magnitude, without greatly affecting the etching rate ratio, by raising the 
solution temperature. 

The experiment examples so far have involved the above-mentioned combination 
of concentration hydrochloric acid and glacial acetic acid. Therefore, the amount of 
water introduced was a constant amount determined by the combination. In view of this, 
in order to examine the effect of water concentration, the HF and HC1 concentrations 
were kept constant at 1 wt% (approximately 2 wt% concentrated hydrofluoric acid) and 
1.75 wt% (approximately 5 wt% concentrated hydrochloric acid), respectively, the 
balance of glacial acetic acid was suitably replaced with water, and the etching rate was 
then examined, the results of which are given in Fig. 4. It can be seen that an increase in 
water content produced substantially no change in the etching rate. 

The same experiment as illustrated in Fig. 1 was again conducted, using glass of 
40 wt% SiC>2, 10 wt% AI2O3, and 50 wt% PbO, as another example of the composition of 
the lead-based passivation glass, whereupon it was found that the etching rate increased 
approximately 20% at a given HF concentration. 
Effect of the Invention 
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As discussed above, with the etching solution pertaining to the present invention, 
it is possible to etch lead-based passivation glass at a rate at least one order of magnitude 
higher than with PSG or another such Si0 2 film, which makes it easier to remove 
passivation glass that has adhered in unwanted places, and this improves device 
performance, shortens the manufacturing process, and allows the glass passivation 
method to be applied more broadly. 
4. Brief Description of the Drawings 

Fig. 1 is a graph in which the etching rate of lead-based passivation glass is 
plotted against the hydrofluoric acid concentration in the solution; 

Fig. 2 is a graph of the relationship between the hydrofluoric acid concentration 
and the etching rate ratio of lead-based glass and a PSG film; 

Fig. 3 is a graph of the relationship between the solution temperature and the 
etching rate of lead-based glass and PSG; and 

Fig. 4 is a graph of the change in the lead-based glass and PSG etching rates at 
different ratios of acetic acid and water in the etching solution. 

Attorney: Kensuke Norichika, Patent Attorney (and one other) 
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